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(§) Liquid crystal display element and device. 



57) Substrate elements (52,54) for making liquid 
crystal display devices are disclosed as well as 
display devices using such elements. The sub- 
strate elements (52,54) are polymeric sheets 
which include spacing elements (56) physically 
and chemically integral with the substrate (52) 
so that when mated with a second substrate 
element (54), a precise, uniform spacing can be 
maintained between substrates. This allows 
large area displays to be fabricated which will 
provide uniform display properties throughout 
the display area. 
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FIELD OF THE INVENTION 

The present invention relates to a substrate ma- 
terial useful for making liquid crystal displays and dis- 
play devices made therefrom. More particularly, this 
invention relates to grooved, polymeric substrates 
having integral spacing ridges to allow the use of flex- 
ible substrates while still maintaining the necessary 
spacing between device wails. 

BACKGROUND OF THE INVENTION 

Liquid crystal display (LCD) devices are well 
known and are useful in a number of applications 
where light weight, low power and a flat panel display 
are desired. Typically, these devices comprise a pair 
of sheet-like, glass substrate elements or "half-cells" 
overlying one another with liquid crystal material con- 
fined between the glass substrates. The substrates 
are sealed at their periphery with a sealant to form 
the cell or device. Transparent electrodes are gener- 
ally applied to the interior surface of the substrates to 
allow the application of an electric field at various 
points on the substrates thereby forming addressable 
pixel areas on the display. 

Various types of liquid crystal materials are 
known in the art and are useful in devices referred to 
as twisted nematic (TN), super twisted nematic (STN) 
and ferroelectric display devices. The ferroelectric liq- 
uid crystals are particularly useful due to their bist- 
able characteristics and fast switching times. Ferro- 
electric liquid crystal materials and display devices in- 
corporating these materials are described in U.S. Pa- 
tent 4,367,924 entitled "Chiral Smectic C or H Liquid 
Crystal Electro-Optical Device" and U.S. Patent 
4,563,059 entitled "Surface Stabilized Ferroelectric 
Liquid Crystal Devices". 

It is desirable to be able to manufacture large area 
displays of relatively light weight for use in portable 
devices such as computers and with overhead pro- 
jectors and the like. Certain organic, polymeric sub- 
strates are much lighter than glass while being trans- 
parent and are therefore preferred for use over glass 
in large area, lightweight displays. However, a prob- 
lem with the use of polymeric materials as substrates 
for liquid crystal displays is that these substrates tend 
to be more flexible than glass and must be separated 
by a dense population of spacers in order to maintain 
uniform separation between the closely spaced sub- 
strates forming the liquid crystal display device. In or- 
der to produce a uniform electric field at low voltages 
and show uniform contrast across the entire display 
area, precise control of the shallow cavity containing 
the liquid crystal material is required. This problem is 
even more severe with surface stablized ferroelectric 
liquid crystal displays which require a nominal 2um 
spacing controlled to within 0.1 um for good results. 

The prior art means for achieving the required 



spacing uniformity uses either precisely dimen- 
sioned, short-length polymeric fibers or spheres as in 
U.S. Patent 4,501,471 or spacing members made of 
photoresist material bonded to the substrate as in 

5 U.S. Patent 4,720,173. Each of these methods has 
deficiencies. Fiber and spheroidal spacing particles 
are not easily placed uniformly on the substrate to 
maintain even spacing over the entire area and fibers 
may overlap increasing the spacer height Moreover, 

10 when the device flexes or is otherwise physically 
stressed, the spacers may shift or migrate to cause 
starved areas in the display cell. Bonded structural 
members require that they be precisely positioned on 
each substrate with exactly the same height, a feat 

15 that is difficult given the dimensions and tolerances 
required for effective liquid crystal displays. Members 
having different chemical composition from the sub- 
strate may suffer from differential thermal expansion 
causing possible fracture of the bond at the interface 

20 and shifting of the spacing member. 

One drawback in extending present LCD manu- 
facturing technology to larger areas is that it is de- 
pendent on the state of the art in large area photoli- 
thography (currently limited to less than 18 inches 

25 square) and precision polished glass technology. Pre- 
sently, manufacturing yields for 4-inch diagonal dis- 
play devices are low, sometimes less than 20% be- 
cause of defects that can occur due to the large num- 
ber of photolithographic steps involved. This poor 

30 yield translates into high display system cost. The 
cost of the much larger displays would be even great- 
er. 

SUMMARY OF THE INVENTION 

35 

The present invention overcomes the deficien- 
cies of the prior art by employing a substrate element 
having microstructure spacing means integral with 
the substrate. The present invention combines the 

40 function of substrate and spacer into one integrated 
element referred to as a microstructured substrate 
element. The present invention also comprises liquid 
crystal display devices using such substrate elements 
or half-cells as well as the method of making such 

45 substrate elements. 

More specifically, the present invention compris- 
es substrate elements suitable for use as half-cells in 
making electrically addressable liquid crystal dis- 
plays. These half-ceils comprise a polymeric sheet 

50 having a microstructure profile on at least one major 
surface of the substrate. This profile comprises a 
plurality of spacing elements comprising protrusions, 
preferably a series of parallel ridges, physically and 
chemically integral with the main body of the sub- 

55 strate, each protrusion rising to a common level de- 
fined by a plane located above the main body of the 
substrate to form support for a second substrate. By 
"chemically integral" it is meant that the spacing ele- 
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ments comprise substantially the same chemical 
composition as the substrate and that no bonding 
agent or other connective layer of different chemical 
identity is interposed between the spacing element 
and the main body of the substrate. The surface sur- 5 
rounding the protrusions have independently ad- 
dressable, electrically conductive areas. 

When incorporated in a display device, a thin, 
transparent, conducting, layer can be applied to the 
substrate which allows the application of a voltage 10 
across selected portions of the uniformly spaced liq- 
uid crystal display (LCD) cell gap. Other elements 
commonly associated with liquid crystal displays may 
also be associated with the substrates to provide a 
half-cell for making a useful display device. 15 

The term "microstructure" as used herein refers 
to structural elements having dimensions character- 
istically measured in micrometers, e.g. from about 1 
micrometer up to about 10 micrometers. It is the pres- 
ence of these integral microstructures that distin- 20 
guish the articles of the present invention from those 
of the prior art. 

The articles of the present invention are made by 
known molding techniques described and exempli- 
fied hereinafter which allow microstructure features 25 
to be molded integral with the substrate. The dimen- 
sions of the features can be molded to very tight tol- 
erances and are reproducible without significant va- 
riation. This ability to provide very precise spacing 
members integral with the substrate and precisely 30 
positioned over large areas allows the production of 
large area displays with uniform appearance over 
their entire area. 

The advantages of having a microstructured 
spacer integral with the substrate are 1) the micro- 35 
structured substrate can be made highly uniform over 
meter-sized areas thereby providing high optical uni- 
formity, 2) integral microstructure can be made to 
electrically isolate adjacent conductors, thus eliminat- 
ing costly and yield-reducing photolithographic steps, 40 
and 3) the LCD manufacturing process is made sim- 
pler because the heed to separately apply spacer 
beads or fibers or photolithographed dots or stripes is 
eliminated. This invention is believed useful with the 
ferroelectric liquid crystals as well as the TN, STN 45 
and other liquid crystal materials requiring accurate 
and precise spacing control for application in high def- 
inition, large format, direct-view and projection dis- 
plays. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagrammatic, partial, isometric view 
of the essential elements of an illustrative liquid crys- 
tal display device and associated electronics. 55 

Figure 2 is a diagrammatic, partial, isometric view 
of one embodiment of a liquid crystal device accord- 
ing to the present invention. 
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Figures 3 and 4 are cross sections of a portion of 
a liquid crystal display device showing alternate con- 
figurations and features of the substrate according to 
the present invention. 

Figure 5 is a partial, isometric view of a liquid 
crystal device substrate having microstructure align- 
ment features according to the present invention. 

Figure 6 is a cross section of a liquid crystal dis- 
play device containing two separate liquid crystal lay- 
ers with an intermediate separation and spacing ele- 
ment according to the present invention. 

The Figures shown herein are not drawn to scale 
or with correct relative proportions in all cases. They 
are offered to show the relative placement and fea- 
tures of the microstructured substrates of the present 
invention and how they are incorporated into a liquid 
crystal display device. 

DETAILED DESCRIPTION OF THE INVENTION 

Addressable liquid crystal devices are well 
known in the art. As shown in Figure 1 , a typical twist- 
ed nematic display device 10 known in the art com- 
prises a cell or envelope formed by placing a pair of 
transparent, planar substrates 12 and 14, in register, 
overlying and spaced apart from one another. The 
periphery of the substrates are joined and sealed with 
an adhesive sealant (not shown) usually applied by a 
screen printing technique to provide an enclosed cell. 
The shallow space or cavity between the substrates 
is filled with liquid crystal materia! 28 just prior to final 
sealing. Conductive, transparent electrodes 16(a) 
through 16(e) and 18(a) through 18(d) are arranged 
on the inside surface of the substrates in either a seg- 
mented or X-Y matrix design (shown), as is well 
known in the art, to form a plurality of picture ele- 
ments (pixels). Although only a few electrodes are 
shown, in.practice a large number of electrodes are 
incorporated in the cell and the number will generally 
increase as the areal dimensions of the cell increase. 

Alignment coatings 20, 22 are applied to portions 
of the interior surface of the liquid crystal display cell 
to cause a desired orientation of the liquid crystal ma- 
terial at its interface with the surface of the display. 
This ensures that the liquid crystal rotates light 
through angles which are complementary to the 
alignment of the polarizers associated with the cell. 
Polarizing elements 24, 26 are optional depending on 
the type of display and may be associated with one 
or more surfaces of the display when used. A reflector 
element (not shown) may be associated with the bot- 
tom substrate 12 when a reflective rather than a 
transmissive display is desired. In that event, bottom 
substrate 12 may not have to be transparent 

The components and assembly techniques of liq- 
uid crystal displays as described above are well 
known. Details of assembly can be found in the liter- 
ature such as "Liquid Crystals-Applications and 
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Uses", Volume 1, Bitendra Bahadur, Ed. , World Sci- 
entific Publishing Co. Pte. Ltd. (1990), Chapter 7, 
"Materials and Assembling Process of LCDS." 

Liquid crystal material fills the space between 
substrates 12 and 14, but for purposes of illustration, 5 
only a column of liquid crystal material 28 is shown 
corresponding to the area overlying common areas of 
crossed electrodes 16(d) and 18(a). Arrows 30(a) 
through 30(e) show how the molecules of the liquid 
crystal are aligned in a 90 degree twist by the align- 10 
ment layers 20, 22 in the absence of an electric field. 
Arrows 30(a) and 30(e) also correspond to the direc- 
tion of polarization of the polarizers 24 and 26, re- 
spectively. 

Electrode leads 32(a) through 32(e) and 36(a) 15 
through 36(c) are shown connected to bus leads 34 
and 38, respectively, which in turn are connected to 
addressing electronics shown schematically at 40. 

Twisted nematic liquid crystal devices employ 
cholesteric liquid crystals which have a helical or 20 
twisted molecular orientation in the device as shown 
by arrows 30(a) through 30(e) in Figure 1. When an 
electric field is applied to the liquid crystal material by 
electrodes incorporated into the device, the mole- 
cules re-orient and "unwind" due to the electrical ani- 25 
sotropy of the molecules. This behavior allows the 
molecules to rotate polarized light when in the twisted 
state and thereby pass light without rotation when in 
the untwisted state. When used in combination with 
polarizers, this ability to rotate polarized light allows 30 
the display to act as a light valve, either blocking or 
passing transmitted or reflected light. The surface 42 
represents a pixel area which can be turned on or off 
by addressing electrodes 16(d) and 18(a) simultane- 
ously. When individually addressable electrodes are 35 
incorporated into the display, the display device has 
the ability to display images. 

Ferroelectric liquid crystals are also useful in dis- 
play devices. These molecules have a polarization 
vector which aligns with an applied electric field. 40 
Thus, the application of an electric field ("field on con- 
dition") causes these liquid crystal molecules to orient 
in a characteristic way. Because they are bistable ma- 
terials, they remain as oriented by the field even after 
the orienting electric field is removed ("field off con- 45 
dition") thereby reducing power consumption. Appli- 
cation of a field of different polarity can re-orient the 
liquid crystal materials to a different orientation char- 
acteristic of the field. Because the liquid crystals af- 
fect light differently in different orientations, they can so 
be made to effectively switch picture elements (pix- 
els) in a display device on and off to display informa- 
tion as is well known in the art. The microstructure 
substrate elements of the present invention have par- 
ticular utility with ferroelectric liquid crystals, for ex- 55 
ample, in the attainment of a device having gray scale 
capability, as will be described in more detail herein- 
after. 



The electrodes may be addressed independently 
to create an electric field at selected pixels. In some 
addressing schemes, the electrodes are sequentially 
and repeatedly scanned at a rapid rate to provide 
moving images similar to television images. This re- 
quires "refreshing" the display at short time intervals 
to rapidly turn pixels on and off. In order to switch the 
pixels on and off rapidly with reasonable voltage lev- 
els, the layer of liquid crystal material should be uni- 
formly thin and, thus, the spacing between the sub- 
strates becomes critical if a uniform appearance is to 
be achieved. 

In order to allow the preparation of large area dis- 
plays with uniform spacing and resulting appearance 
the present invention employs one or more substrates 
with integral spacers provided as microstructure ele- 
ments integral with the substrates. 

Referring to Figure 2, a portion of a liquid crystal 
display device according to the present invention is 
shown wherein the device shown generally at 50 
comprises transparent bottom substrate 52 and trans- 
parent top substrate 54. Microstructure spacing ribs 
56 are integral with substrate 52 and rise up to a com- 
mon level to support top substrate 54. Transparent 
conductive electrodes 58 and 60 are located on the 
interior of the bottom and top substrates, respectively, 
and are connected to a voltage source (not shown) for 
creating an electric field between opposed electro- 
des. Optional alignment material 62, 64 and 66 are 
shown in various locations. Alignment material 64 re- 
sults from the application of alignment layer 62 on bot- 
tom substrate 52 and is covered by adhesive/sealant 
68. Thus, alignment material 64 performs no align- 
ment function and can be eliminated if desired. The 
top substrate 54 is bonded to the tops of spacing ribs 
56 by adhesive/sealant 68 which also seals the per- 
iphery of the cell. The spacing ribs 56 together with 
substrates 52 and 54 form a cavity in which liquid 
crystal material (not shown) is disposed before the 
cell is sealed at its periphery with adhesive/sealant 68 
to form a complete display device. 

While this embodiment and others herein illus- 
trates a series of parallel ribs as spacing elements, it 
will be understood that other types of protrusions can 
perform the function. Thus, separate posts of differ- 
ent geometric cross section or other forms of protru- 
sions can serve as spacers and can be provided by 
the molding method described hereinafter. 

The lateral distance between the protrusions or 
spacing elements can vary considerably depending 
on the particular application for the display device. 
The width of the spacing elements (protrusions) can 
range from about 1 or 2um up to several micrometers, 
e.g., 25u.m or more. The upper limit is governed by the 
inactive area that can be tolerated in a given display. 
Typically, it is desired to have at least 50% active area 
in a display. That is, the projected surface area of the 
spacing elements should occupy no more than about 
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1/2 of the total substrate surface in the display area. 
For a substrate where the spacing elements are of 
substantially equal surface dimensions, the lateral 
spacing between spacing elements would be at least 
about 1 times the width of the spacing element in the 5 
direction being measured and could be 10 times the 
width or more, tn addition, it is generally desired to 
have at least about 1 0 pixels per cm (25 lines per inch) 
in a horizontal or vertical direction, up to about 1 20 or 
240 pixels per cm (300 to 600 lines per inch) for high 10 
resolution displays and up to about 400 pixels per cm 
(1000 lines per inch) for very high resolution displays. 
With a 2u,m width spacing rib and with a 50% active 
area, a density of about 2,500 pixels per cm (about 
6000 lines per inch) can be achieved. 15 

Substrate 52 is preferably thermoplastic, poly- 
meric material which can be molded as described 
hereinafter, is optically transparent and has reason- 
able dimensional stability under the conditions en- 
countered during the manufacture and use of the dis- 20 
play device. Thermoplastic materials which are useful 
in the present invention include polycarbonate, poly- 
vinyl chloride, polystyrene, polymethyl methacrylate, 
polyurethane polyimide and polysulfuric polymers as 
well as other transparent thermoplastic polymers. 25 
Top substrate 54 which does not have the microstruc- 
ture features of the bottom substrate as illustrated, is 
also preferably an organic polymeric material, as / de- 
scribed above, or glass as is conventional in the art. 
If the top substrate also has the microstructure fea- 30 
tures described in this invention, then the substrate 
is preferably polymeric. Although not specifically 
shown, it is contemplated that top substrate 54 could 
be a microstructured substrate similar to that of bot- 
tom substrate 52 and would be applied with the spac- 35 
ing ribs contacting spacing ribs 56 and crossing at 
right angles to spacing ribs 56. 

The electrode materials useful in the present in- 
vention are the commonly known transparent con- 
ducting oxides, such as indium-tin-oxide (ITO) and 40 
other materials commonly used in LCD's. Typically 
the conductive materials are vapor deposited onto 
the surface of the substrate by sputtering or other 
commonly known techniques. Because vapor depos- 
ition techniques are not able to be directed with suf- 45 
f icient accuracy, conductive material may be depos- 
ited on the tops of the spacing ribs. If left in place, this 
conductive region could possibly short across the 
electrode regions on the mating substrate. Various 
techniques can be used to remove the electrodes, for so 
example, by burnishing the tops of the ribs after de- 
position, by etching the conductive layer off while pro- 
tecting the desired electrode surface with photore- 
sist, etc. When the etching technique is used, a pos- 
itive photoresist is applied to the entire substrate sur- 55 
face. The photoresist on the tops of the ribs is selec- 
tively exposed to laser light so that the photoresist 
over the electrodes is not exposed. The photoresist 



on the tops of the ribs is removed and the substrate 
exposed to an etchant After the conductive layer on 
the tops of the ribs is removed, the photoresist over 
the electrode areas is stripped away and the align- 
ment coating and/or other materials applied as de- 
sired. 

The alignment compositions useful in the present 
invention are also well known in the art. These are va- 
rious polymeric materials applied from solvents by 
spin coating or other techniques commonly used 
which will apply a thin, uniform coating across the 
surface of the substrate. Once applied, these mate- 
rials are dried and rubbed with cloth or other materi- 
als to provide an orienting surface which will align liq- 
uid crystal molecules in contact with the surface. A 
preferred alignment material is a nylon polymer which 
can be solvent coated and rubbed with cloth, such as 
velvet, to provide a useful alignment layer. 

A wide variety of adhesive/sealant materials are 
known and useful. Polymerizable organic materials 
are commonly used with plastic substrates and with 
glass. Heat curing epoxies are well known and have 
good strength while being relatively impervious to at- 
tack by liquid crystal compounds. Light curing adhe- 
sives are also commonly used and have the advan- 
tage of eliminating the stresses induced by a heat cur- 
ing process. Aery late adhesives are common UV cur- 
able adhesives useful in the present invention. In 
some cases, ultrasonic bonding may be used so that 
the adhesive may be eliminated with bonding and 
sealing occurring due to the heating, flowing and re- 
solidifying of the substrate material itself. 

In order to provide optical uniformity over the mi- 
crostructure-spaced LCD, it is necessary to assure 
that the ribs remain in contact with the mating sub- 
strate of the LCD cell so that the design spacing is 
maintained. One solution is to adhesively bond each 
spacer rib to the mating substrate. This is not a simple 
matter since the ribs are only a few microns high while 
adhesives are usually coated to several microns in 
thickness. Conventional coating methods such as 
knife coating, gravure coating, etc., would produce 
too thick a coating and would also put adhesive in the 
channels which would prevent filling with liquid crys- 
tal. 

One method of applying adhesive to the ribs has 
now been discovered and is referred to as the "tack- 
off" method. In this method an adhesive is thinned in 
a solvent, applied uniformly to a flat substrate (carri- 
er), dried to a few tenths of a micron thickness, and 
then "tacked off 1 onto the tops of the microstructured 
ribs by rolling the rib side of the microstructured sur- 
face across the thin adhesive layer. The thin adhe- 
sive never touches the channel portion of the micro- 
structure and thus is not transferred into the channel. 

Figure 3 shows an alternative embodiment of the 
present invention. Display device 70 comprises bot- 
tom and top substrates 72 and 74, integral spacing 
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ribs 76, transparent conductive material 78, 80, 82, 
alignment material 84, 86, 88 and bonding/sealing ad- 
hesive 90. Spacer ribs 76 are also shown with sup- 
porting peaks 92. The purpose of the peaks is to pro- 
vide features which aid in ultrasonic bonding of the 5 
substrates by concentrating the ultrasonic energy at 
the peak. Where adhesive bonding is used, the peak 
acts as a spacer to maintain. a minimum thickness of 
adhesive when the top substrate is pressed down on 
the spacers. Without the peak, pressing the top sub- 10 
strata onto the spacers may result in an adhesive lay- 
er which may be excessively thick if too little pressure 
is applied or an adhesive layer which is excessively 
thin if too much pressure is applied resulting in a weak 
bond and a possible failure point. In any event, un- 15 
even pressure may result in uneven spacing of the top 
and bottom substrates which is undesirable. The 
peaks help to minimize this effect 

Electrode material 82 and alignment material 88 
is shown atop peaks 92. This may occur where it is dff- 20 
f icult to avoid depositing these materials on the spac- 
ing ribs 76 while depositing them in other areas on the 
substrate. 

Device 70 may also include isolation grooves 94 
molded into the substrate adjacent spacing ribs 76. 25 
The purpose of the isolation grooves is to reduce the 
possibility of electrical contact between adjacent 
electrodes on substrate 72. The grooves are shown 
located on both sides of the spacing ribs, but are also 
effective if located on only one side of each spacing 30 
rib. Two grooves further minimize the chance of an 
electrical short. The dimensions are not critical other 
than that the grooves be narrow enough and deep 
enough to prevent deposition in the groove of the con- 
ductive electrode material deposited on the substrate. 35 
Typically, the grooves are about 1 5 micrometers deep 
and 5 micrometers wide. The walls of the grooves 
may be straight or angled on one or both surfaces. 
Generally, the molding technique employed benefits 
from angling of at least one of the walls to facilitate re- 40 
lease from the mold. Where spacing means other 
than parallel ridges are employed, the grooves may 
be in the form of other than parallel grooves. Thus, if 
discrete posts are used as spacing elements, the 
grooves may be in the form of a circumferential moat 45 
at the base of the post 

Figure 4 shows a portion of a display device 100 
comprising bottom and top substrates 102 and 104, 
spacing ribs 106(a) through 106(f) are shown, but in 
practice a large number of ribs are generally included 50 
and the number increases as the areal dimensions of 
the cell increase. Electrode materials 108 and 110, 
alignment materials 112, 114 and 116, and adhe- 
sive/sealant 118 are also shown. In this embodiment, 
the surface of the bottom substrate to which the elec- 55 
trades are applied is not uniform. The microstructural 
features included on the substrate may be used to 
provide gray scale capability in a ferroelectric liquid 



crystal display by varying the space between the top 
and bottom substrates and hence, the effective field 
intensity for a given applied voltage. Because ferro- 
electric liquid crystals are either on or off, their con- 
trast does not vary progressively with field intensity. 
However, by varying the spacing between electrodes 
in different areas of the pixel, the area of each pixel 
which is switched with a given applied voltage can be 
varied so that the eye averages the switched and un- 
switched areas to provide varying levels of gray be- 
tween full off and full on. 

In the embodiment shown in figure 4, the sub- 
strate surface between spacing ribs 106(a) and 
106(b) has peaks 120 and valleys 122 extending 
transversely parallel to spacing ribs 106. Two peaks 
are shown for simplicity of illustration, but more peaks 
are generally preferred with about 10 peaks within a 
250^m x 250uiti pixel providing good gray scale con- 
trol. In practice, when a voltage is applied to the pixel 
and slowly increased, the portion of the ferroelectric 
liquid crystal over the peaks will switch first because 
the field is most intense there. If the voltage is held 
at the point where switching just begins each individ- 
ual pixel will appear as stripes of switched (e.g. 
dark)and unswitched (e.g. light) liquid crystal. The 
eye will average the switched and unswitched areas 
and perceive a certain level of gray. If the voltage is 
increased above the threshold level where switching 
just begins over the peaks, the stripe of switched area 
will broaden as the field intensity adjacent the peaks 
increases and more of the liquid crystal is switched. 
The eye will average the switched and unswitched 
areas to perceive a new level of gray. The voltage can 
be increased to whatever level desired until all of the 
pixel area is switched to exhibit a full on or off state. 
By this method, various levels of gray can be ach- 
ieved with ferroelectric liquid crystals. Generally it 
has been found that a peak to valley height difference 
of about 10% of spacer height is useful for achieving 
good gray scale control. Lower heights may not be ef- 
fective depending on the switching characteristics of 
the liquid crystal, the stability of the display environ- 
ment, e.g. temperature, and the precision with which 
the voltage can be controlled. 

An alternative gray scale feature is shown with 
respect to the surface 124 between spacing ribs 
106(b) and 106(c), being gradually sloped from left to 
right rather than undulating as is the surface in the 
channel to the left In this embodiment, the pixels 
would become shaded from left to right as the field in- 
tensity is increased. The effect is more coarse to the 
eye than the multi-striped pattern obtained with the 
peaks described above. Other configurations having 
varying heights may also be useful depending on the 
effect to be achieved and their ease of manufacture. 

In yet another embodiment the combination of 
surfaces 126, 128 and 130 illustrate a means of util- 
izing microstructure features to provide improved col- 
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or displays. In this embodiment, electrode surfaces 
126, 128 and 130 of adjacent pixel areas are shown 
at three different heights relative to one another and 
to top electrode 110. A different colored optical filter 
materials 1 32, 1 34 and 1 36, e.g., red, green and blue, 5 
is included in each of the channels above these sur- 
faces. The maximum color intensity can be achieved 
if the depth (d) of the liquid crystal material in the cav- 
ity is one-half the dominant wavelength (X) for the 
light passing through the filter. Thus, the optimum 10 
value for (d) is given by the formula nd=X/2 where n 
is the index of refraction of the liquid crystal material 
in its transmitting state at the dominant wavelength. 

While the cross section in Figure 4 shows a vari- 
ety of features in a single display for purposes of ill us- 15 
tration, a single display might not utilize all of the fea- 
tures or might use combinations other than shown. 

Figure 5 shows a microstructured LCD substrate 
140 according to the present invention wherein the 
alignment layer shown in Figure 2 at 62 and 66 is omit- 20 
ted, but a similar effect is achieved by providing a di- 
rectional pattern of grooves on the surfaces 144 and 
146 in the channels between spacing ribs 142 of bot- 
tom substrate 140 to provide an orienting surface. 
The groove pattern may comprise continuous parallel 25 
grooves or a less regular, but still generally direction- 
al, pattern of grooves such as made by the pass of a 
roughened or "raggy" tool in finishing the mold sur- 
face. Typically the grooves could have a depth of from 
about 1 0 to 30% of the height of the spacing ribs, e.g., 30 
from about 1um to about 3u.m. Surfaces 144 and 146 
are grooved to provide an orienting effect in the direc- 
tion shown by the lines extending parallel to (144) or 
at an angle (146) to the spacing ribs 142. When these 
orienting grooves are included in the substrate 140, 35 
even though covered with a conducting material 148, 
the molecules of the liquid crystal material placed into 
the cell will preferentially align as shown. The top sub- 
strate (not shown) may also include orienting grooves 
arranged in a complementary manner whether or not 40 
it has spacing ribs thereon. Use of these orienting 
grooves avoids the need for applying separate align- 
ment layers of the conventional type and rubbing of 
the alignment layer to align the liquid crystal mole- 
cules. 45 

Figure 6 shows yet another embodiment of the 
present invention wherein a portion of a display de- 
vice 150 is shown comprising multiple layers of liquid 
crystal material. Top and bottom substrates 152 are 
spaced apart and bonded to the microstructured in- so 
termediate member 156 with spacer ribs 158 on both 
major surfaces of member 156. Electrical conducting 
materials 160, alignment materials 162 and adhe- 
sive/sealant 164 are shown as previously described. 
Liquid crystal material (not shown) is included in the 55 
cavities formed within the cell. 

The microstructured liquid crystal display ele- 
ments of the present invention can be made by a mi- 



croreplication technique utilizing embossing or injec- 
tion molding. This process is known in the art and is 
described in U.S. Patent 3,689,346, U.S. Patent 
4,244,683 and U.S. Patent4,576,850, the disclosures 
of the process being hereby incorporated by refer- 
ence. Basically, the process involves the preparation 
of a microstructured mold master using conventional 
techniques. The mold master is then filled withapoly- 
merizable composition which is exposed to radiation 
to rapidly polymerize the composition. The polymer- 
ized composition is then removed from the mold mas- 
ter to provide a polymerized article which has a micro- 
structured surface replicated from the mold master. 

When an article is to be molded with microstruo 
tures on both major surfaces, a closed, transparent 
mold is employed so that the material can be poly- 
merized, the mold opened and the microstructured 
element removed. 

To demonstrate the microreplication process in 
the present invention, tooling masters were cut from 
copper alloy using a conventional diamond turning 
lathe. Nickel submaster tools were then fabricated 
from the master tools by electroplating. Each tool 
measured about 4 inches by 8 inches and contained 
two microreplicated spacer patterns of slightly differ- 
ent spacer rib height, each pattern being about 2 in- 
ches wide and running the full length of the tool. The 
spacer ribs were of rectangular cross section meas- 
uring 25 micrometers in width and 2.5 micrometers in 
height in one case and 2.8 micrometers in height in 
another case. The ribs were spaced laterally at a den- 
sity of 300 ribs per inch on center (118 ribs per centi- 
meter or 118 pixels per cm) with an active pixel area 
of about 70%. Two different spacer rib heights were 
included to accommodate possible relaxation of the 
plastic microstructure during bonding under pressure 
to a mating display substrate. Asecond tool was made 
identical to the first except for the addition of a 
peaked profile to the top of the spacer cavity to pro- 
vide ribs as shown in Figure 3 of the drawing. 

The submaster tools were then used to make the 
microstructured, plastic spacer substrates using eith- 
er one of two alternate processes. In the first process, 
a urethane-acrylate prepolymer resin was cast onto 
the submaster tool. The resin was overlaid with a 
polyester or polycarbonate film to act as a release 
liner as well as to impart a smooth surface to the top- 
side of the resin after curing. The resin was then 
cured by exposing it to ultraviolet radiation of 340 to 
380 nm wavelength for about 1 minute. In a second 
process, a polycarbonate film (General Electric Num- 
ber 8050) was directly embossed at 170°C using a 
heated submaster tool at 100 psi. 

The microstructured plastic substrates were 
sputter coated with a 2000 Angstrom thick coating of 
transparent, electrically conducting indium tin oxide 
(ITO). The ITO film was then overcoated with a 500 
Angstrom thick layer of silicon dioxide by vacuum de- 
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position. 

A second substrate was prepared using a com- 
mercially available ITO coated glass substrate having 
an ITO pattern of parallel lines at a density of 100 lines 
per inch (39.4 lines per centimeter). The patterned 
substrate was spin coated with a 500 Angstrom thick 
layer of Nylon polymer layer. The Nylon was 0.5% El- 
vamide Nylon Multipolymer Resin (DuPont) in a solu- 
tion of 60:40 m-cresol:methanol filtered through a 0.2 
micrometer PTFE filter. The spin rate was 500 rpm for 
2 seconds followed by 60 seconds at 1200 rpm. The 
coated substrate was baked for 0.5 hours at 60°C fol- 
lowed by several hours at 70°C. 

Using conventional methods the Nylon layer was 
lightly brushed in one direction with dry velvet cloth 
In order to impart an alignment surface. 

The plastic and glass substrates prepared as de- 
scribed above were then mated by putting the coated 
surfaces in contact, placing the glass surface of the 
assembly on a laboratory hotplate held at about 90°C 
and bonding the assembly on three sides using a UV 
curable adhesive (Optical Adhesive #68 available 
from Norland Products, Inc.). The elevated tempera- 
ture was used because the microstructured plastic 
substrate has a higher coefficient of thermal expan- 
sion than the glass substrate and it is necessary that 
the plastic not flex during the liquid crystal filling step 
which is also carried out at elevated temperature and 
which is described hereinafter. 

The assembly was filled with a ferroelectric liquid 
crystal material using vacuum filling process common 
in the LCD industry and described in the "Liquid Crys- 
tals-Applications and Uses" reference previously cit- 
ed. The assembly was then sealed using the UV cur- 
able adhesive. 

The resulting display, about 1 inch (2.54 centime- 
ters) square provided better than 1 gigaohm electrical 
isolation between ITO electrodes on each substrate. 
When filled with fluorine-containing, ferroelectric liq- 
uid crystal materials of the type described in U.S. Pa- 
tent 4,886,619 (Example 174) and placed between 
crossed polarizers, the display was found to have a 
contrast greater than 10 to 1 when viewed in projec- 
tion onto a wall using a commercially available over- 
head projector. 

The use of the tack-off method of applying adhe- 
sive to the ribs of a microstructured substrate was 
demonstrated with two different adhesive systems. 
The first adhesive was a heat cured epoxy system us- 
ing a 1 0% solids solution of an epoxy adhesive (for ex- 
ample, Epon 332 from Shell Chemical) dissolved in a 
methyl isobutyl ketone (MIBK). This solution was 
spun onto a polyimide film using a spin speed of 4000 
RPM. After air drying for 10 minutes at room temper- 
ature, an adhesive film thickness of about 400 nm 
was obtained. This thin adhesive was then tacked off 
onto the rib tops by pressing the ribs to the adhesive 
using a rubber roller. The adhesive coated ribbed mi- 



crostructure could then be laminated to the mating 
LCD substrate and fully cured in an oven at 90°C for 
two hours. 

The second adhesive system was a UV-cured 
5 epoxy system using a 9% solids solution of epoxy 
(Norland #61) dissolved in Type A photoresist solvent. 
This solution was also spun onto a polyimide film us- 
ing a spin speed of 4000 RPM. After oven drying for 
10 minutes at 60°C, an adhesive film thickness of 
10 about 600 nm was obtained. This thin adhesive could 
then be tacked off onto the rib tops as described 
above. The adhesive coated ribbed microstructure 
could then be laminated to the mating LCD substrate 
and fully cured under a UV-curing lamp. 

15 

Claims 

1. A substrate element suitable for use in making 
20 electrically addressable liquid crystal displays 

comprising a polymeric sheet having a micro- 
structure profile on at least one major surface 
thereof, said profile comprising a plurality of pro- 
truding, substantially parallel ridges physically 
25 and chemically integral with the main body of the 
substrate, each rising to a common level defined 
by a plane spaced from the main body of the sub- 
strate thereby forming support for a second sub- 
strate spaced from the main body of said first 
30 substrate, said surface surrounding said ridges 
having independently addressable, electrically 
conductive areas. 

2. A substrate element according to claim 1 wherein 
35 said ridges culminate in a peak. 

3. A substrate element according to claim 1 wherein 
at least a portion of the tops of said ridges carry 
an adhesive. 

40 

4. A substrate element according to claim 3 wherein 
the height of said adhesive is up to one microme- 
ter. 

45 5. A substrate element according to claim 1 wherein 
the substrate area surrounding said ridges is at 
varying heights with respect to said plane. 

6. A substrate element according to claim 5 wherein 
50 the variation in height of said surrounding area is 

at least 10% of the height of said ridges. 

7. A substrate element comprising a polymeric 
sheet having a microstructure profile on both ma- 
ss jor surfaces thereof, said profile comprising a 

pattern of protruding, substantially parallel ridges 
physically and chemically integral with the main 
body of the substrate, the protrusions on each 
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major surface rising to a common level defined by 
a plane spaced from each surface of said main 
body thereby forming support for a pair of addi- 
tional substrates spaced from said main body, 
said substrate element having independently ad- 
dressable, electrically conductive areas. 

8. A substrate element according to claim 7 wherein 
at least a portion of the tops of said ridges carry 
an adhesive. 



10 



and chemically integral with the main body of the 
substrate, each rising to a common level defined 
by a plane spaced from the main body of the sub- 
strate thereby forming support for a second sub- 
strate spaced from the main body of said first 
substrate. 

13. A method according to claim 12 wherein an adhe- 
sive is applied to at least a portion of the tops of 
said ridges. 



9. A liquid crystal display comprising a pair of cell 
walls in overlying register with one another and 
confining a liquid crystal material therebetween, 
said cell walls including addressable electrodes 15 
on their opposed faces, the improvement com- 
prising at least one of said cell walls comprising 
a polymeric sheet having a microstructure profile 
on atleastone major surface thereof, said profile 
comprising a plurality of protruding, substantially 20 
parallel ridges physically and chemically integral 
with the main body of the substrate, each rising 
to a common level defined by a plane spaced 
from the main body of the substrate thereby 
forming support for a second substrate spaced 25 
from the main body of said first substrate, said 
surface surrounding said ridges having indepen- 
dently addressable, electrically conductive areas. 



14. A method according to claim 13 wherein said ad- 
hesive is applied to a thickness of up to one mi- 
crometer. 



10. A display according to claim 9 wherein said cell 30 
walls are adhered to each other at the point 
where said ridges contact said second substrate. 

11. A display device comprising a liquid crystal dis- 
play cell comprising a pair of opposed, electrically 35 
addressable exterior cell walls and at leastone in- 
termediate cell element, interposed between said 
exterior cell walls, having a microstructure profile 

on both major surfaces, said profile comprising a 
pattern of ridges physically and chemically inte- 40 
gral with the main body of the substrate, the pro- 
trusions on each major surface rising to a com- 
mon level defined by a plane spaced from each 
surface of said main body thereby forming sup- 
port for a pair of additional substrates spaced 45 
from said main body, said element having inde- 
pendently addressable, electrically conductive 
areas, wherein said exterior cell walls and said in- 
termediate cell element or elements are stacked 
in overlying register to form at least one indepen- so 
dent cavity on both sides of each of said inter- 
mediate cell elements. 



12. A method of ma king a substrate element compris- 
ing molding said substrate element with a micro- 
structure profile on at least one major surface 
thereof, said profile comprising a plurality of pro- 
truding, substantially parallel ridges physically 
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